The chemical composition of different kinds of Hypericum triquetrifolium extracts was analyzed by LC-DAD-ESI-MS. Hyperoside, rutin, isoquercitrin and biapigenin were the main constituents. As these natural compounds were reported in the literature for their antifungal activity, the total extracts were tested for their antifungal activity against eight phytopathogenic strains of Fusarium species.
The genus Hypericum comprises more than 400 species, but only 20 can be found in Italy [1] . The species are herbaceous plants and are widely used in phytotherapy in many countries. Several phytochemical investigations of this genus have led to the isolation of many secondary metabolites, some with antidepressant, antimicrobial and antifungal activities [2] [3] [4] . Recently, plant extracts and phytochemicals with either antibacterial or antifungal properties have been investigated actively as alternatives to synthetic pesticides due to their perceived increased level of safety and minimal environmental impact [5] . Plant diseases often reduce quality and quantity of agricultural commodities. In fact, plant pathogens are estimated to cause yield reductions in crops of almost 20% worldwide [6, 7] . Infestation by micro-organisms in post-harvest storage can effect the health of humans and livestock, especially if the contaminating organism produces toxic residues either in or on consumable products [8] [9] [10] . The fungicides made by synthesis provide the primary means for controlling post-harvest fungal decay of cereals, fruits and vegetables. [8] [9] [10] . On the other hand, the extensive use of these synthetic fungicides causes uncontrolled residues and proliferation of resistance in the pathogen populations [11] . Therefore, studies concerning the possible use of biologically active natural products to control decay and prolong storage life of crops have received more and more attention [12, 13] .
The volatile compounds extracted from different species of Hypericum have been tested for their fungicidal activities on Candida albicans and Saccaromyces cerevisiae by several authors [14, 15] . Some compounds from Hypericum species, such as xanthones isolated from H. roeperanum, exhibited antifungal activity against Candida albicans [16] , while xanthones, a new γ-pyrone and betulinic acid from H. brasiliense showed similar activity against the plant pathogenic fungus Cladosporium cucumerinum [17] . Also a phloroglucinol derivative from the aerial parts of H. calycinum showed a fungicidal activity on the same phytopathogen [18] . Interesting activity of methanolic extracts of [19] . Other species of Hypericum were investigated for their biological activity, such as H. triquetrifolium Turra, native to Eastern Europe and the Mediterranean area. This species has been used for its sedative, anthelminthic, anti-inflammatory and antiseptic effects in folk medicine [5] . Extracts of H. triquetrifolium showed antimicrobial activity against Staphylococcus aureus and Mycobacterium smegmatis. In this work, the fungitoxic property of different polar extracts of H. triquetrifolium collected in Calabria was evaluated for the first time against eight phytopathogenic strains of Fusarium species [20] . We tested the methanolic extracts, rich in hyperoside, rutin, isoquercitrin and biapigenin since some studies are reported in the literature on these main constituents of Hypericum and other related species [21] . Furthermore, the post-infection production of flavonoids and polyphenols in plant species suggests that these compounds might either function as phytoalexins [22] or have a protector role against fungal infection [23] .
Some plants do not produce phytoalexins when challenged by pathogens, but release toxins that are normally stored as toxic glycosides in the vacuoles of their cells, for example phenolic and iridoid glycosides, glucosinolates and saponins [24] . If the integrity of the cells is broken when they are penetrated by fungal hyphae, the glycoside comes in contact with hydrolysing enzymes, present in other compartments of the same cell, releasing the toxic aglycone. Although this aglycone is not present in situ in the intact plant, it is not strictly a phytoalexin, because the involved enzymes (glycosidases) were already present in the healthy plant and not de novo formed [25] . The genus Fusarium contains a number of soil borne species with worldwide distribution, which have been known for a long time as plant pathogens and produce secondary metabolites toxic to plants (phytotoxins) and animals (mycotoxins), such as fusaric acid, trichothecenes, fumosins and enniatins [26] . Fusaric acid, a compound with moderate toxicity to plants and animals produced by many Fusarium species, was one of the first fungal metabolites implicated in plant pathogenesis. Furthermore the potential of Fusarium to serve as a model system for soil borne fungal pathogens is outlined [26] .
A majority of known fungal secondary metabolites are not classified as mycotoxins. They may have toxic effects on insects (insecticides), plants (herbicides) and microorganisms (antibiotics) or they may have pharmacological effects on vertebrates or act synergistically with known mycotoxins on vertebrates. Fusarium spp produce a series of toxins, such as trichothecenes and zearalenones (responsible for several diseases in plants and animals) [27] . Cereals are often invaded by Fusarium species, before and after harvest, and the risk of trichothecene contamination of cereals is therefore of great concern [27]. Other kinds of Fusarium toxins, fusarins and fumonisins, have been proposed to be involved in equine diseases [28] . Moreover, fumonisins are considered cancerogenic and they have been found to occur naturally [29] . Plant extracts rich in chlorogenic acid and isolated derivatives of chlorogenic acid showed antifungal activity on Fusarium oxysporum, as reported by Lattanzio [30] and Naidu [31] , while other authors [32] demonstrated that the antifungal activity of caffeine in coffee beans was antagonized by chlorogenic acid. In tables 2 and 3 are reported data obtained by the agar diffusion test regarding the per cent inhibition of the growth of Fusarium strains induced by our extracts. The H. triquetrifolium methanolic macerate (MM) tested in these experiments, which contained the higher amount of chlorogenic acid (6.93%) in comparison with the other extracts, exhibited a very weak antifungal activity on the selected eight Fusarium strains.
Hyperoside, rutin, and isoquercitrin were the main constituents of H. triquetrifolium in the most polar extracts. Hyperoside commonly occurs in a wide range of plants and has shown bactericidal activity [33] . However, several anomalous reports lead to uncertainty as to the antifungal activities of hyperoside. Previous studies demonstrated that it was inactive in in vitro bioassays against Fusarium spp. and other fungi at >100 µg/mL, while Dall'Agnol et al. reported that crude extracts of Hypericum including hyperoside showed no activity against yeast [34] . Hyperoside was tested for antifungal activity on several kinds of Fusarium and was considered more potent than some recently discovered natural antifungal products, including some fungicides on the market [35] . It is reported as an important secondary metabolite involved in the control of fungal pathogens in vitro, including Fusarium species, although the antifungal activity of these compounds in the plant is limited [21] . Hyperoside may serve as a lead compound for the development of fungicides [21] . Although its action against fungi is unknown, its effectiveness, resource availability at low cost, and probable low toxicity to humans make flavonoids potential prototypes for fungicides. Several studies have been carried out on the antifungal activities of these natural compounds.
A recent report on the antifungal activity of flavonoids from Pelargonium radula showed that Fusarium graminearum was strongly inhibited only by the fraction rich in rutin, while the fraction with isoquercitrin as its main constituent inhibited Candida tropicalis, C. lusitaniae and Microsporum gypseum [36] .
The extracts tested in this work ( 1 mg) , which were identified by comparison of their spectral data ( 1 H-NMR, 13 C-NMR and MS) with those reported in the literature [38] [39] [40] [41] . Moreover, a portion of the powdered air-dried vegetable material (118 g) was defatted with light petrol in a Soxhlet apparatus and then extracted with methanol (SM 4.5 g). A preliminary screening by TLC [SiO 2 , BAW (60:15:10); RP-18, M-W (7:3); UV 254 nm and 366nm; NTS-PEG] was carried out on each extract in order to show the presence of the marker compounds (1-9) for the Hypericum genus. The isolated compounds (2-7) and the commercial standards of chlorogenic acid (1) (Extrasyntheses, Lot.01021203), hypericin (8) (Extrasyntheses, Lot: 02072309), and hyperforin (9) (Sigma, Lot. 092K1015), containing small quantities of impurities, were analyzed by HPLC-PDA in the same gradient conditions used for the extract samples in order to verify their purity (>98%) before using them as reference compounds.
Sample preparation and LC-DAD-ESI-MSanalyses:
Three samples of each extract of H. triquetrifolium were dissolved in methanol (2 mg/mL) and filtered through a cartridge-type sample filtration unit with a polytetrafluoroethylene membrane before HPLC analyses (PTFE, 0.45 μm, 25 mm). All the extracts were analysed by the previously described method [42] , slightly modified for our analytical equipment. The HPLC system consisted of a Waters W600E liquid chromatography pump equipped with an analytical Lichrosorb RP-18 column (250 x 4.6 mm i.d., 5μm, Merck), a Rheodyne injection loop, and a Waters 996 photodiode array detector. The optimum efficiencies of separation were obtained using a linear gradient of a mobile phase of water with 0.1% HCOOH (solvent A), CH 3 CN (solvent B) and MeOH (solvent C) at a flow rate of 1.0 mL/min. Gradient elution was carried out starting with a mixture of A-B-C (5:95:0) to (85:15:0) in 10 min, then to (50: 40:10) in 20 min, to (10:75:15) in 10 min, to B-A-C (5: 80:15) in 15 min, and then back to the initial condition in 10 min. Prior to running the gradient, the column was equilibrated for 10 min with solvents A and B (5:95 v/v). The total analytical run time for each sample was 65 min. The spectral data from the PDA detector were collected during the whole run in the range 210-600 nm and the peaks were detected at 270 nm and 590 nm.
Chromatographic procedures were performed at room temperature. An aliquot (20 μL) of each sample was analysed in triplicate. The same chromatographic conditions were used for LC-MS analyses performed using these ESI values: sheath gas flow-rate 62 psi, auxilary gas flow 10 psi, capillary voltage -16 V and capillary temperature 200°C. Full scan spectra from m/z 200 to 700 u in the negative ion mode were obtained. The injected volume of the Hypericum extracts was 20 μL of a 1.5 mg/mL solution (methanol).
Identification of each constituent was achieved by comparison of the peak retention times, and UV and mass spectra of the extract sample with those of authentic samples (1) (2) (3) (4) (5) (6) (7) (8) (9) . The standard solutions for the authentic samples (10 mg) (1-7) were prepared in methanol. Hypericin (8) (4.4 mg) was dissolved in pyridine (2 mL) before adding methanol (8 mL), while hyperforin (11.7 mg) was dissolved in a mixture MeOH-ascorbic acid 0.1% (10 mL). All standard and extract samples were injected alternatively. The linearity of the responses for the rutin reference standard (2) and for the constituents (1, 3-9 ) was determined at six levels of concentration with three injections for each level. Rutin was linear from 2.64 ppm to 264 ppm and all the curves had coefficients of linear correlation r ≥ 0.999. The reproducibility of the injection integration procedure was determined for the constituents (1-9) The solutions were injected ten times and the relative standard deviation (R.S.D.) values were calculated (chlorogenic acid 1.56%, rutin 1.02%, hyperoside 0.78%, isoquercitrin 0.71%, quercitrin 0.50%, quercetin 0.56%, I3,II8-biapigenin 0.32%, hypericin 0.98%, hyperforin 1.54%). The repeatability of the method was evaluated by injection of three H. triquetrifolium extract solutions of different concentrations (0.5 mg/mL, 1.0 mg/mL, 1.5 mg/mL), each three times. The contents of constituents (1-9) were estimated by the following equation:
Contents (%) = A sample /RF std x C sample x 1/RRF x 100
where A sample is the peak area of the considered constituent in the test solution, RF std is the mean response factor of rutin in the reference solutions, C sample is the concentration of the test solution (mg/mL) and RRF is the response factor of the considered constituent, relative to rutin (Table 1) . The phytopathogenic fungi were tested by an agar dilution method. The extracts were dissolved in DMSO (Sigma) and added to the culture medium at a temperature of 40°-45°C, then poured into Petri dishes (∅3 cm). Concentrations of 100, 200, 400, 800, 1600, 3200, 6400 and 10000 ppm were tested. The fungi were inoculated as soon as the medium had solidified. A disc (∅ 0.5 cm) of mycelial material, taken from the edge of seven-day old fungal cultures, was placed at the centre of each Petri dish. The control consisted of a fungal disc placed in PDA, Hypericum extract free, + DMSO 1% v/v [43] . The Petri dishes with the inoculum were placed in the dark under controlled temperature conditions of 22 ± 1°C. The efficacy of treatment was evaluated after seven days by measuring the diameter of the fungal colonies when all the free surface of the medium in the control Petri dishes had been covered. The values were expressed in terms of percent inhibition of growth compared to control = 100. The fungicidal activity of the extracts was determined using the technique of Thompson [44] and Carta and Arras [45] : the mycelial discs were transferred from Petri dishes in which no growth was observed (total inhibition = 100) onto fresh plates of PDA, in order to verify, after three days, either the fungistatic or fungicidal activity of such inhibition. All tests were repeated three times.
